geochronological results suggest that the major shear zone in the core of the Kesebir-Kardamos dome is equivalent to the Late Jurassic-Early Cretaceous Nestos Shear Zone. Post-Jurassic metamorphic ages recorded in the Rhodope most likely represent crustal rather than deep subduction geodynamic processes.
Introduction
Understanding the geodynamic evolution of a collision zone requires detailed knowledge of the deformation style and the pressure-temperature (P-T) conditions of the exposed metamorphic rocks. Furthermore, the chronological relationships between deformation and metamorphism constrain the processes associated with vertical and horizontal movements in the crust. The development of gneiss domes is a first-order indication of upward movements (e.g. Brun 1983 ) in both compressional and extensional tectonic settings (Burg et al. 2004 ). The Rhodope metamorphic complex (RMC; Fig. 1 ; Ricou et al. 1998) , in northern Greece and southern Bulgaria, is a synmetamorphic nappe pile that developed during convergence in the Alpine-Himalayan orogenic belt (Burg 2012 , and references therein). The nappe system was deformed in domeand-basin structures during syn-to post-convergent exhumation (Burg et al. 1996) . High-pressure rocks showing various degrees of retrogression occur in the intermediate sheets of the nappe system (see Burg 2012 for grouping of units), which contains eclogites (Liati and Mposkos 1990; Liati and Seidel 1996; Moulas et al. 2013; Mposkos et al. 2013 ) and microdiamond-bearing paragneisses (Mposkos and Kostopoulos 2001; Perraki et al. 2006; Schmidt et al. 2010; Collings et al. 2016) . These rocks crop out in the flanks of several, kilometer-wide, gneiss domes such as the Kesebir-Kardamos dome (KKD) in southern Bulgaria and northern Greece Jahn-Awe et al. 2012) .
The KKD is an up-arched crustal imbrication that forms an NE-SW trending, sub-elliptic, metamorphic culmination ( Fig. 1 ). In the Bulgarian part of the KKD, the duplication is associated with top-to-the-SW senses of shear recorded by the intermediate thrust units around the dome. Domebounding normal shear zones unroofed the migmatitic core rocks exhumed during an early top-to-the-NE ductile flow (Bonev 2006; Bonev et al. 2006) . Thrusting and doming took place during similar amphibolite-facies metamorphic conditions, thus hindering the recognition between compressional and extensional, shallow-dipping faults in the field (Burg 2012) . In this work, we investigate the conditions of ductile shearing of the KKD and its relation to the compressional/extensional events in the North Aegean region.
Our new data confirm the spatial continuity in the deformation style of the high-grade rocks in the southeastern Burg et al. 1996; Bonev 2006; Bonev et al. 2006; Bonev and Beccaletto 2007; Burg 2012) . KKD: Kesebir-Kardamos Dome. EKD East Kardamos Detachment. Top right inset main tectonic units in the Balkan Peninsula. Box study area, detailed in Fig. 6 . Profiles A and B modified after Burg (2012) and Bonev et al. (2006) , respectively flank of the KKD. Based on structural correlations, P-T conditions and absolute ages, we conclude that the peak event for the high-grade metapelites occurred in Jurassic-Cretaceous times, in agreement with published results from central Rhodope (Bosse et al. 2009; Georgieva et al. 2010 Georgieva et al. , 2011 Krenn et al. 2010; Didier et al. 2014) . We, therefore, propose that the major thrust zones preserved in the KKD are equivalent to the Late Jurassic-Early Cretaceous Nestos thrust of central Rhodope.
Geological framework and lithotectonic subdivision
The central and eastern Rhodope comprise several tectonometamorphic complexes that are separated by major mylonitic contacts (Burg et al. 1990- Fig. 1 ). Syn-metamorphic thrusting was responsible for the tectonic juxtaposition of two units with continental affinity. Between these two units, several amphibolite-facies syn-metamorphic imbricates (from the intermediate unit of the RMC) include relics of an earlier high-pressure event (Burg 2012 , and references therein). Ophiolitic and magmatic-arc protoliths suggest that these imbricates delineate a suture zone separating the lower Rhodope continental terrane to the south from the European continent to the north (Turpaud and Reischmann 2010; Burg 2012; Froitzheim et al. 2014) . In central Rhodope, the Nestos thrust zone is the major segment of this suture zone (Papanikolaou and Panagopoulos 1981; Burg et al. 1990; Nagel et al. 2011) . Growing evidence suggests that syn-to post-thickening extension affected the crustal duplex by reworking some of the previous thrust-related contacts Burg 2012) and creating detachment faults (Dinter and Royden 1993; Sokoutis et al. 1993; Brun and Sokoutis 2007) .
The KKD has been subdivided into three main units, according to their structural position: a lower, an intermediate and an upper unit (c.f. Bonev et al. 2006 Krohe and Mposkos (2002) subdivided the lithotectonic units of the Kesebir-Kardamos dome into two complexes with respect to their relative position to the Kardamos detachment surface ( Fig. 1) , namely the lower Kardamos complex and the upper Kimi complex. Since, however, the higher parts of the Kardamos complex are lithologically indistinguishable from the Kimi complex (Bonev 2006; Bonev et al. 2006) , we herein follow the simplified discrimination of Bonev et al. (2006) mentioned above.
The lower unit of the KKD is mostly constituted of orthogneisses, representing Permo-Carboniferous metagranitoids (Cornelius 2008) ; paragneisses, schists and amphibolites occur in small amounts. The orthogneisses show a textural variability being migmatitic, augen, porphyroclastic and equigranular. The intermediate unit (including the Kimi unit in Greece, Figs. 1, 2) is composed of metasediments with pelitic and calc-silicate protoliths, ortho-amphibolites that occasionally show a migmatitic texture, mylonitic orthogneisses and discontinuous marble layers. Amphibolitized eclogite lenses, high-grade metapelites and microdiamond inclusions in garnet and zircon from metapelites have been reported both in the lower and upper parts of this unit (Mposkos and Kostopoulos 2001; Perraki et al. 2006; Cornelius 2008) . Large ultramafic bodies, interpreted as dismembered metaophiolite units (Baziotis et al. 2008; Gervilla et al. 2012) , are present at the structurally highest levels of the intermediate unit to the east. Estimates of metamorphic conditions vary depending on the structural level where the samples were taken. Metapelites collected near the base of the intermediate unit have recorded P-T conditions of 1.0-1.4 GPa and 650-680 °C respectively (Mposkos and Liati 1993) , whereas metapelites from higher levels have experienced a high-temperature event at similar pressure (1.1-1.3 GPa and 750-800 °C) subsequently retrogressed to amphibolite facies (0.8-1.0 GPa and 720-740 °C; Bauer et al. 2007) .
A Sm-Nd garnet-clinopyroxene-whole-rock age of 119 ± 3.5 Ma from a garnet pyroxenite was ascribed to the high-pressure metamorphic event of the intermediate unit (Wawrzenitz and Mposkos 1997) . Similar isotopic ages (109 ± 11 Ma/Sm-Nd; 126 ± 0.7 Ma/Lu-Hf) were obtained also from eclogite samples from the same unit in Bulgaria (Kirchenbaur et al. 2012 ). In addition, two U-Pb (SHRIMP) zircon ages (117.4 ± 1.9 and 73.5 ± 3.4 Ma) from a garnet-rich mafic rock of the same unit have been interpreted as the times of protolith crystallization and (U) HP metamorphism of the sample, respectively (Liati et al. 2002) . Bauer et al. (2007) studied zircons extracted from a metapelite of the intermediate unit and suggested that the (U)HP metamorphic event, responsible for the formation of microdiamonds in metapelites of the intermediate unit, occurred before 170-160 Ma. They, nevertheless, noted that they could not find any microdiamond in the 1800 zircon grains they separated and studied.
Eocene (39-42 Ma) 40 Ar/ 39 Ar muscovite and biotite ages (Fig. 2) are interpreted as cooling ages below 300-400 °C (Krohe and Mposkos 2002) . Clastic, mass-flow sediments lie unconformably on the migmatite units (Caracciolo et al. 2012 , and own observations Fig. 3a, b) . Slumps in associated turbidites (Fig. 3c, d ) witness that the area was tectonically unstable at the time of sedimentation. The centimetric to decimetric clasts consist of amphibolite, highgrade gneiss and marble suggesting that the source of the detritus was the metamorphic KKD. In the northern part of the KKD, in Bulgaria, the oldest sediments are Maastrichtian-Paleocene (72-56 Ma; Boyanov et al. 1982; Goranov and Atanasov 1992) . By contrast, in the Greek part of the dome, the oldest sediments are Lutetian-Priabonian (48-34 Ma; Papadopoulos 1982; Krohe and Mposkos 2002; Caracciolo et al. 2011 Caracciolo et al. , 2012 . Differences in unconformity age likely represent diachronous transgression on the metamorphic basement.
Deformation pattern and kinematics
On a regional scale, the main foliation is bent and dips outwards following the shape the KKD (Bonev 2006; Bonev et al. 2006 ). In the Greek part of the dome, it is well-developed, defined by flattened quartz and feldspar and micarich layers in quartzo-feldspathic and metapelitic lithologies, respectively, and is dipping gently towards the south, south-east and east (Fig. 4) . In such rocks, the lineation is defined by elongated white mica and biotite grains and quartz and feldspar aggregates. In the mafic lithologies, the mineral/stretching lineation is defined by amphiboles.
Generally, in the lower (core) unit of the dome, the lineation is plunging towards the SSW, whereas in the lower part of the allochthonous intermediate unit, lineation is plunging towards the SE. No abrupt change in foliation and lineation directions has been observed. Mylonites of S-C type (Escher et al. 1975; Berthé et al. 1979; Lister and Snoke 1984) , fabric asymmetry, rotated clasts and asymmetric pressure shadows have been used to deduce the sense of shear (Eisbacher 1970; Escher et al. 1975; Burg et al. 1981) . The general sense of shear in the Kardamos part of the dome is top-to-the-S, ranging from top-to-the-SSW in the core, to top-to-the-SE in the lower part of the intermediate unit (Figs. 4, 5, 6) . The ductile sense of shear at the higher part of the intermediate unit ranges from topto-SE to top-to-SW.
The shear zone at the contact between the intermediate and the lower unit is several tens of meters thick. Deformation in the intermediate unit is heterogeneous. Ductile deformation gradients are identified from the reduction in grain size and in porphyroclast content in orthogneisses. More specifically, strongly foliated meta-igneous and metasedimentary rocks are separated by mylonitic to ultramylonitic shear zones (Fig. 7a, b ) inclined <45° to the main foliation, which is bent into the shear planes. This shear zone has, in many places, been reactivated as brittle fault.
The Eastern Kardamos Detachment (EKD, Figs. 1, 6, 7c, d) is a normal fault that delineates the SE boundary of the Kesebir-Kardamos dome (Krohe and Mposkos 2002) . It cuts through orthogneisses of the intermediate unit and separates the meta-ophiolite unit (Kimi unit) in the east from the Kardamos complex in the west. In the mapped area, the fault plane is sub-parallel to the main foliation Burg et al. 1996; Bonev et al. 2006; Sarov et al. 2007 ) with ages in Ma. a Metamorphic and fissiontrack cooling ages (zircon fission track-ZFT; apatite fission track-AFT; from Wawrzenitz and Mposkos 1997; Krohe and Mposkos 2002; Liati et al. 2002; Marchev et al. 2003 Marchev et al. , 2004 Bauer et al. 2007; Wüthrich 2009; Márton et al. 2010) . b Zircon U-Pb ages interpreted as crystallization ages of granitoid protoliths (after Cornelius 2008) and is defined by phyllonitic layers dipping towards the SE (at ca 40°) with S-C' fabrics ( Fig. 7d ) and sheared quartz veins indicating normal sense of movement. Such observations suggest that the fault overprints a ductile detachment. Mylonitic orthogneisses that have experienced grain-size reduction occur next to the phyllonites. These fabrics come in line with the observations of Bonev et al. (2006) further north in Bulgaria who suggested a deformation continuum from ductile to brittle conditions.
Porphyroclast rotation and non-coaxial flow
Locally, feldspar porphyroclasts in core augen-gneisses show opposite senses of rotation with respect to the regional top-to-the-S shearing. Several workers (e.g. Ghosh and Ramberg 1976; Passchier 1987; Wallis et al. 1993; Xypolias 2010) have argued that the rotation of rigid porphyroclasts in viscously deforming rocks may correspond to a coaxial component of the flow. The flow components are quantified by the kinematic vorticity number (Wk), which is a measure of relative coaxial/non coaxial flow (Wk = 0 for pure shear and Wk = 1 for simple shear). The relationship between the kinematic vorticity number and the degree of non-coaxial deformation is not linear (c.f. Law et al. 2004; Forte and Bailey 2007) . Studies on vorticity utilized the theoretical study of Jeffery (1922) , who described the motion of elliptical rigid particles in a viscous fluid. To investigate the co-axial contribution to the flow, we employed the R-φ method (Fig. 8) as modified by Wallis et al. (1993) . The aspect ratio (R) and the orientation of the inclusion relative to the shear plane (φ) are reported in a two-dimensional plot. A cut-off value (Rc) is chosen for R where the inclusions seem to have a stable orientation (i.e. φ < 45°). The mean kinematic vorticity number Wm can be calculated when Rc is known (Passchier 1987; Wallis et al. 1993 ) using the formula:
The mean vorticity number is not an instantaneous property; it is integrated over time and space and its validity relies on several assumptions, in particular that the flow is stable and in plane strain, and that the clasts are bonded to the viscous matrix and do not interact. The method also assumes that all rigid clasts rotate in the same sense, in accordance with the sense of shear, until they reach a stable position at a low angle to the shear plane. For any flow regime that includes a pure shear component, not all particles are free to rotate continuously; particles with an aspect ratio above a critical value will reach a stable position (Wallis et al. 1993) .
These mean kinematic vorticity values amount to ca 40% of the total coaxial deformation observed (Fig. 8f) . The five studied outcrops are within 50 m from each other but the measurements were made on outcrop sections (ca 2 × 2 m) which were parallel to the lineation and perpendicular to the foliation as required by the plane-strain requirement (location: N41°15′47.9″; E25°28′22.2″).
Petrology and metamorphic conditions Analytical methods
Major-element mineral analyses and elemental maps were conducted at ETH-Zurich, Switzerland. We used a Jeol JXA 8200 electron probe micro-analyzer equipped with 5 wavelength dispersive spectrometers operating at an accelerating voltage of 15 kV. The electron-beam diameter was 2 μm and the beam current was 20 nA. Natural and synthetic materials were used as standards and a CITZAF correction procedure was applied. The counting time for each analysis was 60 s per element. 
Petrographic observations and mineral chemistry
Two samples from the intermediate unit were used for detailed petrographic investigation because they exhibit minor retrogression. Their mineral assemblages are summarized in Table 1 . Representative mineral analyses are given in Tables 2 and 3. Sample R10-103ii is a quartz-mica-garnet schist ( Fig. 9a-d) . The rock contains, in decreasing abundance, quartz, white mica (muscovite-rich), garnet, kyanite, biotite, plagioclase, rutile ± ilmenite. White mica (Si: 3.15-3.25 atoms per formula unit-apfu) is well crystallized and exhibits asymmetric shapes (e.g. Eisbacher 1970) . Garnet is porphyroblastic, ranging from 0.5 to 1.5 mm in diameter. It is relatively homogeneous with an average composition (in molar fractions) of Prp 0.23 Grs 0.10−0.11 Alm 0.66−0.68 Sps 0.00−0.02 ; Mg#: 0.24-0.25 [where Mg# is the molar ratio Mg/(Mg + Fe)]. Kyanite varies in size from very fine grains to deformed grains reaching 1 mm in length (Fig. 9b) . Biotite (Mg#: 0.49-0.50) selvedges replace garnet rims and develop along cracks within garnet porphyroblasts (Fig. 9c) and along foliation surfaces (Fig. 9a) . Sodic plagioclase (An 0.20 ) occurs in small amounts in the matrix. Rutile, partly replaced by ilmenite, occurs as inclusions in garnet.
Sample R10-55a is a coarse-grained, quartz-micagarnet schist. The rock is composed of inter-layered mica-rich and quartz-rich layers of millimeter scale. It contains a significant (>20 vol.%) amount of garnet porphyroblasts that can reach up to 2 cm in diameter. Quartz inclusions form trails in garnet (Fig. 10) . The main paragenesis is, in order of decreasing mineral abundance, quartz, white mica (paragonite-rich), garnet, plagioclase, biotite, kyanite, staurolite ± rutile ± ilmenite (Fig. 9e,  f) . Garnet porphyroblasts are chemically zoned with Wm indicates the mean vorticity number. The average Wm of the five outcrops studied is 0.78. f Relationship between the kinematic vorticity number (Wk) and the component of pure shear (after Law et al. 2004 ). The mean vorticity number Wm = 0.78 (averaged over the 5 outcrops-a-e) translates into ca 40% pure-shear component 
P-T estimates
Following a detailed study under the petrographic microscope and reconnaissance EMP analyses, sample R10-103ii was selected as the most appropriate for robust P-T estimates. An important criterion in choosing this sample was the observation that garnet porphyroblasts are compositionally homogeneous and show minor retrogression. An equilibrium phase-diagram section was used to estimate the metamorphic conditions of sample R10-103ii. The phase-diagram section was calculated using the Perplex software package (http://www.perplex.ethz. ch/) that predicts the stable minerals for a given chemical composition by minimizing the Gibbs free energy (Connolly 2005) using the thermodynamic database of Powell 1998 (updated 2002) .
The solid solution models used in the calculations are given in Table 4 . The input bulk-rock composition for the phase equilibrium calculations was obtained from modal analysis of the mineral assemblage present in thin section (c.f. Tajčmanová et al. 2006; Nagel et al. 2011) . A total of 400 mineral microprobe measurements was used to estimate the bulk-rock composition. The input amount of water in the bulk-rock composition was estimated in such a way that the mineral assemblage is water saturated in sub-solidus conditions and no free water coexists with melt after the solidus curve is crossed. This estimate is consistent with studies that infer that the amount of water in high-grade metamorphic rocks is less than 0.03 wt.% (Clemens and Vielzeuf 1987) . The P-T conditions for sample R10-103ii were estimated using compositional isopleths of plagioclase and garnet in an isochemical phase-diagram section (Fig. 12) . The estimated P-T conditions are 1.2 ± 0.1 GPa and 730 ± 40 °C. These conditions are within a phase field that includes melt, but its modal proportion is <5 vol.%. 
Geochronology Sample preparation: analytical methods
Zircons were separated at ETH-Zurich. Over 1 kg of metapelite sample R10-102 was crushed using shockwaves in SELFRAG (http://www.selfrag.com). Zircons were then extracted using a Franz isodynamic magnetic separator, heavy liquids (methylene iodide) and finally hand-picking under a binocular microscope. Selected zircon grains were mounted together with zircon standard grains 91,500 and TEMORA-1 in epoxy resin. They were then sectioned and polished to approximately half their original thickness, gold coated, and investigated using cathodoluminescence (CL) imaging. In-situ U-Pb isotope analyses were made with SHRIMP-II at the Center of Isotopic Research (CIR) at VSEGEI, St. Petersburg, Russian Federation. Measuring conditions are given in Moulas et al. (2013) . 
Zircon description and ages
Zircons from quartz-mica-garnet-schist R10-102 are elliptic with rounded edges, measuring 100-200 μm along their length. Cathodoluminescence images (Fig. 13) revealed cores surrounded by inclusion-rich rims. The preservation of oscillatory zoning in some of the detrital cores indicates their magmatic origin (Corfu et al. 2003) . Based on the CL patterns, three textural zircon domains are distinguished: An inner detrital core, an inclusion-rich inner rim and, in some cases, a thin bright outer rim (Fig. 13) . The cores have high Th/U ratios (>0.1, see supplementary material) indicating magmatic crystallization; by contrast, the rims show low Th/U ratios (<0.1) that are typical of metamorphic zircons (Teipel et al. 2004 ). Cathodoluminescence images of all measured zircons and associated tables are given in the supplementary material. The concordant ages of the cores range between 1.9 and 0.3 Ga (Fig. 14a-b) . Most of the zircon rims yielded a lower-intercept age of 144.8 ± 1.1 Ma in the Tera-Wasserburg diagram (Fig. 14c) . Four rims yielded two ages, one at 53.6 ± 1.1, the other at 44.3 ± 1.3 Ma (Fig. 14d ).
Synthesis and discussion
Our new structural and kinematic data testify to a bulk top-to-the-S (from SSW to SE) sense of shear in the lower and intermediate units of the Eastern Kardamos Dome. This sense of shear is consistent with the one previously reported by Bonev et al. (2006) further north in Bulgaria. The vorticity estimates from five outcrops (Fig. 8 ) are similar to those obtained by Bonev et al. (2006) on two samples (Wm: 0.7-0.8). Consistency of vorticity numbers is no final proof for the relatively large amount of coaxial deformation. The fact that flow is not in plane strain and that clast rotation is a three-dimensional problem have been used by Li and Jiang (2011) to dispute the method. In addition, the fact that ductile flow is generally not steady introduces further uncertainty factors. Furthermore, imperfect bonding between clasts and the matrix may lead to back rotation for some initial orientations (Ceriani et al. 2003) . Therefore, the vorticity results should be viewed with caution in terms of deformation regime and relative importance of coaxial versus non-coaxial strain. Rotated garnets that grew syn-kinematically show a top-to-the-SE sense of shear (Fig. 10) . The chemical zoning of these garnets indicates prograde (increasing temperature) growth (e.g. Hollister 1966; Tracy 1982; Harris et al. 2004) . Bended kyanite crystals (Fig. 9b) indicate preto syn-kinematic growth. White mica within shear bands is also consistent with syn-metamorphic top-to-the-SE sense of shear (Fig. 9) . These results are consistent with the regional sense of shear determined for the intermediate unit on the western flank of the Kesebir dome in Bulgaria (Bonev 2006; Bonev et al. 2006 ). Our phase-diagram section (Fig. 12) calculations indicate that the near-peak P-T mineral assemblage recorded in the metapelites involved the coexistence of garnet, white mica, kyanite and biotite (Fig. 12a) . The pre-to syn-kinematic character of kyanite, white mica and especially garnet suggests that these minerals experienced top-to-the-SE ductile deformation at ca. 1.2 GPa and 730 °C, i.e. near the transition between amphibolite and eclogite facies (Spear 1993; Bucher and Frey 2002) . Mposkos and Liati (1993) obtained comparable upper amphibolite-facies conditions (ca 1.4 GPa and 680 °C) and showed that this was followed by a retrograde event at 1.0 GPa and 650 °C. Krohe and Mposkos (2002) proposed that the East Kardamos Detachment, which is characterized by top-to-the-S kinematics, is responsible for the exhumation of the high-grade rocks. The top-to-the-SE shearing can be interpreted either as ductile thrusting (i.e. a folded thrust) or ductile normal faulting. Similar ductile fabrics developed under similar metamorphic conditions in similar lithologies have been attributed to thrusting in the western parts of the dome (Burg et al. 1996; Bonev 2006; Bonev et al. 2006) . Map continuity of such fabrics that exist in both hanging wall and footwall of the East Kardamos Detachment is an argument to ascribe SE-ward shearing to the regional thrusting that preceded the more localized, lower grade ductile normal faulting. In addition, the zoning of the syn-kinematic garnets additionally suggests that this shearing event occurred during heating, which can be viewed as syn-thrusting/thickening (not extensional thinning) prograde metamorphism, even if the recrystallization of paragonite, biotite and syn-kinematic white mica suggests that the top-to-the-SE shearing continued upon cooling.
Zircon geochronology (Fig. 14) and U/Th ratios of zircon rims allowed us to distinguish three discrete ages related to metamorphism: 145, 53 and 44 Ma (see supplementary material). We interpret the 145 Ma zircon age as the time most likely corresponding to closure of the U-Pb isotopic system in this mineral after the 730 °C peak temperature (see also Reischmann and Kostopoulos 2002) . This is consistent with the results of Krenn et al. (2010) who suggested that the age of the major amphibolitefacies (700-750 °C; 1.0-1.2 GPa) ductile shearing in the intermediate imbricate units of central Rhodope occurred at ~145 Ma (Fig. 15) . The younger ages at 53 and 44 Ma are contemporaneous with the well-established Eocene magmatic activity in the region (Fig. 15) . These younger ages fall within the range of 40 Ar-39 Ar mineral ages (64-34 Ma) from the intermediate unit (Bonev et al. 2013) . Such cooling ages come in line with lower-temperature (ca 300-350 °C) K-Ar mica ages of 39 and 42 Ma reported for the southern parts of the KKD (Krohe and Mposkos 2002) . Furthermore, the presence of Maastrichtian-Paleocene sediments atop the metamorphic pile of the intermediate migmatitic unit (Goranov and Atanasov 1992; Bonev et al. 2006) imply that, at least in the northern part of the KKD, the intermediate unit was exhumed already by the Upper Cretaceous. This shows that the main syn-metamorphic thrusting had already ended by that time. In the southern parts of the KKD dome, the age of the oldest unconformable sediments is Lutetian (48-41 Ma; Caracciolo et al. 2012 ). Finally, low-temperature thermochronology data over the western Rhodope suggest cooling below 240 °C at 72 Ma (Kydonakis et al. 2014; Kounov et al. 2015; Schenker et al. 2015) . Similar correlations between metamorphic ages and crystallization ages of plutons can also be observed in central Rhodope (Fig. 15) .
Interestingly, the ages of granitoid pluton crystallization in the Rhodope become systematically younger from north to south as do the metamorphic ages of (U)HP rocks (Fig. 15) . If this younging trend of isotopic ages is considered, then the Late Cretaceous and younger metamorphic ages obtained (e.g., ca 70-92 Ma for the Chepelare shear zone; Collings et al. 2016 ) cannot be explained by metamorphism in a subduction channel at great depths as their authors have contended. We propose that the post-Jurassic metamorphic ages recorded in the Rhodope represent crustal rather than deep subduction geodynamic processes. These ages may reflect metamorphic recrystallization due to local heat production or isotopic reset due to magmatism.
Conclusions
The Kesebir-Kardamos dome in northern Greece and southern Bulgaria exposes a nappe duplex formed during top-to-the-SE ductile shearing. The core of the dome is mostly made of orthogneisses and amphibolites (occasionally migmatitic). These core rocks are separated from marble, migmatitic amphibolites, mylonitic orthogneisses, paragneisses and calc-silicate gneisses of the intermediate thrust unit by a folded, mostly non-reactivated ductile thrust. The East Kardamos Detachment cuts, on a map-scale, the thrust and its hanging wall lithologies that reached peak P-T conditions of 1.2 GPa and 730 °C during ductile, top-to-the-SE shearing at or before 145 Ma. The syn-kinematic prograde growth of garnet up to peak conditions suggests thrusting of the intermediate unit on top of the lower unit of the RMC, as it has been advocated for the Nestos Suture Zone in Central Rhodope (e.g. Krenn et al. 2010) . In eastern Rhodope, sediments unconformably covering migmatitic amphibolites of the intermediate unit demonstrate a deeply eroded orogenic crust as early as 65 Ma. On a regional scale, the new P-T and geochronological data presented here provide evidence that the intermediate unit of the Kesebir-Kardamos dome is the eastern continuation of the Late Jurassic-Early Cretaceous (ca 145 Ma) Nestos Suture Zone. Fig. 15 Simplified map of the southern Rhodope displaying the zoning in granitoid ages (in Ma) (compilation after Burg 2012 and references therein; Zagorchev et al. 2012) . Similarly aged P-T-t estimates for the intermediate unit from Krenn et al. (2010;  indicated with a white star) and this study (indicated with a red star). Garnet Sm-Nd and Lu-Hf ages are after Collings et al. (2016) and Kirchenbaur et al. (2012) . NSZ: Nestos Shear Zone
